Introduction
============

Cervical cancer is a major public health concern in China. The most recent findings from the International Agency for Research on Cancer, via GLOBOCAN 2012, estimated 61 691 new cases and 29 526 women dying from the disease annually in China.[@R1] The actual burden of disease may be even higher, as the GLOBOCAN estimate is based on relatively few registry sites, in areas with higher than average socioeconomic status.[@R2] Using available epidemiological evidence from both urban and rural areas in mainland China it was estimated that the annual number of new cervical cancer cases nationally, in the absence of any intervention, ranged from 27 000--130 000 in 2010 and could increase by approximately 40--50% by 2050.[@R2]

Persistent infection with oncogenic human papillomavirus (HPV) is associated with the subsequent development of cervical cancer.[@R3]^,^[@R4] Prophylactic vaccination offers the potential to substantially reduce the burden of disease, and may be particularly beneficial in China, where the implementation of effective universal screening programmes is hindered by the lack of infrastructure. Two prophylactic vaccines have been developed based on the L1 proteins of oncogenic HPV types 16 and 18, the genotypes most commonly associated with cervical cancer in China and worldwide.[@R5]^-^[@R7] The HPV-16/18 AS04-adjuvanted vaccine (*Cervarix*^®^, GlaxoSmithKline Vaccines) is currently registered in more than 130 markets globally and is undergoing regulatory evaluation in China. In an ongoing randomized, controlled, phase II/III trial, this vaccine was shown to be efficacious, immunogenic and to have a clinically acceptable safety profile in more than 6000 Chinese women aged 18--25 y.[@R8]

Efficacy cannot feasibly be evaluated in Chinese females below 18 y of age due to the expected small number of clinical cases in this age group, and because ethical and cultural standards do not allow the necessary invasive examinations to ascertain clinical and virological endpoints. The largest impact of vaccination is, however, expected to result from high coverage of young adolescent girls prior to onset of sexual activity and exposure to oncogenic HPV types. Vaccination of adult women (i.e., over the age of 25 y) would also be beneficial, as they are still at risk of acquiring a new oncogenic HPV infection or reinfection, which may progress to cervical cancer.[@R9] Therefore, 2 studies ([Fig. 1](#F1){ref-type="fig"}) were conducted in Chinese females to evaluate the immunogenicity and safety of the HPV-16/18 AS04-adjuvanted vaccine: one study was conducted in pre-teen and adolescent females aged 9--17 y (Study HPV-058; ClinicalTrials.gov registration number NCT00996125) and one study was conducted in women aged 26--45 y (Study HPV-069; NCT01277042), to complement data currently being generated in the phase II/III efficacy trial in Chinese women aged 18--25 y (Study HPV-039; NCT00779766).[@R8]

![**Figure 1.** Overview of study design for each study. In each study, subjects were randomized in a 1:1 ratio to receive vaccine or control. In Study HPV-058, conducted in females aged 9--17 y, the control was Al(OH)~3~. In Study HPV-069, conducted in females aged 26--45 y, the control was hepatitis B virus (HBV) vaccine. N, number of subjects planned.](hvi-10-1795-g1){#F1}

The primary objective of the 2 studies was to show the non-inferiority of immune responses to HPV-16 and HPV-18 vaccine components, in terms of geometric mean antibody titer (GMT) ratios for females aged 9--17 y and seroconversion rates for females aged 26--45 y, as compared with the immune responses in women aged 18--25 y enrolled in Study HPV-039. Secondary objectives were to describe the HPV-16/18 immune response in terms of GMTs and seropositivity rates, to evaluate reactogenicity after each vaccine dose, and to evaluate safety throughout the study period.

Results
=======

Study population
----------------

A total of 1962 girls and women were enrolled across the 2 studies (750 females aged 9--17 y and 1212 females aged 26--45 y) and randomized 1:1 to receive HPV vaccine (980 females in total) or control (982 females in total) ([Fig. 2](#F2){ref-type="fig"}). At least 97% of participants in each group received the scheduled 3 doses of vaccine or control ([Table 1](#T1){ref-type="table"}), at least 97% completed the study to Month 12, and at least 96% were included in the according-to-protocol (ATP) cohorts for analysis of immunogenicity. Reasons for withdrawal from the study, and exclusion from the ATP cohorts for immunogenicity, are shown in [Figure 2](#F2){ref-type="fig"}.

![**Figure 2.** Flow of participants through each study. AE, adverse event; ATP, according-to-protocol.](hvi-10-1795-g2){#F2}

###### **Table 1.** Demographic and baseline characteristics

                                        Study HPV-058 Females aged 9--17 y   Study HPV-069 Females aged 26--45 y                                             
  ------------------------------------- ------------------------------------ ------------------------------------- ------------- ------------- ------------- -------------
  **Total vaccinated cohort**                                                                                                                                
  N                                     374                                  376                                   750           606           606           1212
  Mean (SD) age                         13.1 (2.44)                          13.1 (2.42)                           13.1 (2.43)   35.8 (4.92)   35.6 (5.06)   35.7 (4.99)
  **Age strata, n (%)**                                                                                                                                      
  9--11 y                               112 (29.9)                           113 (30.1)                            225 (30.0)    \-            \-            \-
  12--14 y                              125 (33.4)                           125 (33.2)                            250 (33.3)    \-            \-            \-
  15--17 y                              137 (36.6)                           138 (36.7)                            275 (36.7)    \-            \-            \-
  26--35 y                              \-                                   \-                                    \-            304 (50.2)    304 (50.2)    608 (50.2)
  36--45 y                              \-                                   \-                                    \-            302 (49.8)    302 (49.8)    604 (49.8)
  **Number of doses received, n (%)**                                                                                                                        
  1                                     1 (0.3)                              1 (0.3)                               2 (0.3)       3 (0.5)       2 (0.3)       5 (0.4)
  2                                     4 (1.1)                              9 (2.4)                               13 (1.7)      4 (0.7)       2 (0.3)       6 (0.5)
  3                                     369 (98.7)                           366 (97.3)                            735 (98.0)    599 (98.8)    602 (99.3)    1201 (99.1)
  **ATP cohort for immunogenicity**                                                                                                                          
  N                                     362                                  363                                   725           596           601           1197
  HPV-16 seropositive, n (%)            36 (9.9)                             40 (11.0)                             76 (10.5)     251 (42.1)    257 (42.8)    508 (42.4)
  HPV-18 seropositive, n (%)            24 (6.6)                             19 (5.2)                              43 (5.9)      231 (38.8)    200 (33.3)    431 (36.0)

ATP, according-to-protocol; SD, standard deviation. Data are number of subjects (percentage) unless specified otherwise. HPV-16 seropositivity defined as an ELISA concentration ≥ 8 ELISA units per milliliter (EU/mL). HPV-18 seropositivity defined as an ELISA concentration ≥ 7 EU/mL. The control was Al(OH)~3~ for females aged 9--17 y and hepatitis B vaccine for females aged 26--45 y.

Within each study, the vaccine and control groups were well matched with regard to demographic and baseline characteristics ([Table 1](#T1){ref-type="table"}). HPV-16 and HPV-18 seropositivity rates at baseline for subjects in the ATP cohort for immunogenicity were 10.5% and 5.9%, respectively, for girls aged 9--17 y and 42.4% and 36.0%, respectively for women aged 26--45 y ([Table 1](#T1){ref-type="table"}). When analyzed by smaller age strata, HPV-16 and HPV-18 seropositivity rates increased steadily with age from 7.3% and 4.6%, respectively, for girls aged 9--11 y to 46.1% and 38.8%, respectively, for women aged 36--45 y ([Fig. 3](#F3){ref-type="fig"}).

![**Figure 3.** Baseline seropositivity rate by age strata. Data are shown for the ATP cohort for immunogenicity for all subjects in HPV vaccine and control groups combined. Data for females aged 9--11, 12--14, and 15--17 y are from Study HPV-058. Data for females aged 18--25 y are from Study HPV-039. Data for females aged 26--35 and 36--45 y are from Study HPV-069. HPV-16 seropositivity defined as an ELISA concentration ≥ 8 EU/mL. HPV-18 seropositivity defined as an ELISA concentration ≥7 EU/mL. Numbers above each bar are the percentage of seropositive subjects per cohort.](hvi-10-1795-g3){#F3}

Immunogenicity
--------------

In Chinese females aged 9--17 y, HPV-16 and HPV-18 immune responses (by GMT) one month after the third vaccine dose were non-inferior to immune responses in Chinese females aged 18--25 y enrolled in Study HPV-039, since the upper limit of the 95% confidence interval (CI) for the GMT ratio (GMT in initially seronegative females aged 18--25 y divided by GMT in initially seronegative females aged 9--17 y) was below the pre-defined clinical limit for non-inferiority of 2 for both antigens ([Table 2](#T2){ref-type="table"}).

###### **Table 2.** Non-inferiority assessment of immune response one month after the third vaccine dose in initially seronegative females aged 9--17 y or 26--45 y vs. those aged 18--25 y

                Study HPV-058 (test) Females aged 9--17 y   Study HPV-039 (reference) Females aged 18--25 y   Comparison (reference/test)                             
  ------------- ------------------------------------------- ------------------------------------------------- ----------------------------- ------------------------- -------------------
  Anti-HPV-16   326                                         18682.4 (17162.7, 20336.6)                        244                           6996.2 (6211.7, 7879.7)   0.37 (0.32, 0.43)
  Anti-HPV-18   338                                         7882.4 (7079.0, 8777.1)                           289                           3309.4 (2941.9, 3722.8)   0.42 (0.36, 0.49)

                Study HPV-069 (test) Females aged 26--45 y   Study HPV-039 (reference) Females aged 18--25 y   Comparison (reference -- test)                
  ------------- -------------------------------------------- ------------------------------------------------- -------------------------------- ------------ ---------------------
  Anti-HPV-16   345                                          345 (100)                                         247                              247 (100)    0.00 (--1.53, 1.10)
  Anti-HPV-18   365                                          363 (99.5)                                        299                              298 (99.7)   0.21 (--1.36, 1.68)

CI, confidence interval; EU/mL, ELISA units per milliliter; GMT, geometric mean antibody titer; N, number of subjects with pre- and post-vaccination results available; n (%), number (percentage) of subjects. Data are shown for initially seronegative subjects in the ATP cohort for immunogenicity.\*HPV-16 and HPV-18 immune responses were considered to be non-inferior if, for each HPV antigen, the upper limit of the two-sided 95% CI for the GMT ratio (GMT for females aged 18--25 y divided by GMT for females aged 9--17 y) was below 2.^†^HPV-16 and HPV-18 immune responses were considered to be non-inferior if, for each HPV antigen, the upper limit of the two-sided 95% CI for the difference in seroconversion rates (for females aged 18--25 y minus females aged 26--45 y) was below 5%.

In Chinese females aged 26--45 y, HPV-16 and HPV-18 immune responses (by seroconversion) one month after the third vaccine dose were also non-inferior to immune responses in Chinese females aged 18--25 y enrolled in Study HPV-039, since the upper limit of the 95% CI for the difference in the seroconversion rate (percentage of initially seronegative females aged 18--25 y who seroconverted minus percentage of initially seronegative females aged 26--45 y who seroconverted) was below the pre-defined clinical limit for non-inferiority of 5% for both antigens ([Table 2](#T2){ref-type="table"}).

In each study, all initially seronegative subjects in the ATP cohort for immunogenicity had seroconverted for anti-HPV-16 antibodies 1 mo after the third vaccine dose, and at least 99.4% of initially seronegative subjects had seroconverted for anti-HPV-18 antibodies ([Table 3](#T3){ref-type="table"}). One month after the third vaccine dose, anti-HPV-16 and anti-HPV-18 GMTs measured by enzyme-linked immunosorbent assay (ELISA) were 2- to 3-fold higher in initially seronegative females aged 9--17 y compared with females aged 18--25 y, whereas GMTs were similar for initially seronegative females aged 26--45 y compared with females aged 18--25 y ([Table 3](#T3){ref-type="table"}). When considered by smaller age strata, there was a trend for higher GMTs for both anti-HPV-16 and anti-HPV-18 antibodies in the youngest age groups (9--11 and 12--14 y) than in older age groups, for initially seronegative subjects and for all subjects regardless of initial serostatus ([Fig. 4](#F4){ref-type="fig"}; [Tables S1 and S2](#SUP1){ref-type="supplementary-material"}).

###### **Table 3.** Seropositivity rates and GMTs for anti-HPV-16 and -18 antibodies by age strata: vaccine group

  Antibody      Age (years)   Pre-vaccination status   Time      N     Seropositive   GMT (EU/mL)                       
  ------------- ------------- ------------------------ --------- ----- -------------- ------------- --------- --------- ---------
  Anti-HPV-16   9--17         Seronegative             Pre       326   0              0.0           4.0       4.0       4.0
                                                       Month 7   326   326            100           18682.4   17162.7   20336.6
                              Seropositive             Pre       36    36             100           19.9      16.6      23.8
                                                       Month 7   36    36             100           15571.9   11700.0   20725.3
                              Total                    Pre       362   36             9.9           4.7       4.5       4.9
                                                       Month 7   362   362            100           18347.1   16915.2   19900.2
                18--25        Seronegative             Pre       244   0              0.0           4.0       4.0       4.0
                                                       Month 7   244   244            100           6996.2    6211.7    7879.7
                              Seropositive             Pre       107   107            100           27.6      22.8      33.4
                                                       Month 7   107   107            100           5698.0    4702.6    6904.1
                              Total                    Pre       351   107            30.5          7.2       6.5       8.0
                                                       Month 7   351   351            100           6571.8    5939.0    7272.2
                26--45        Seronegative             Pre       345   0              0.0           4.0       4.0       4.0
                                                       Month 7   345   345            100           7000.4    6426.0    7626.2
                              Seropositive             Pre       251   251            100           32.5      29.2      36.3
                                                       Month 7   251   251            100           5741.7    5218.9    6316.9
                              Total                    Pre       596   251            42.1          9.7       8.8       10.6
                                                       Month 7   596   596            100           6439.8    6039.8    6866.3
  Anti-HPV-18   9--17         Seronegative             Pre       338   0              0.0           3.5       3.5       3.5
                                                       Month 7   338   336            99.4          7882.4    7079.0    8777.1
                              Seropositive             Pre       24    24             100           21.9      16.8      28.5
                                                       Month 7   24    24             100           9140.0    6318.3    13221.8
                              Total                    Pre       362   24             6.6           4.0       3.8       4.2
                                                       Month 7   362   360            99.4          7960.2    7181.3    8823.6
                18--25        Seronegative             Pre       289   0              0.0           3.5       3.5       3.5
                                                       Month 7   289   288            99.7          3309.4    2941.9    3722.8
                              Seropositive             Pre       62    62             100           20.7      16.9      25.4
                                                       Month 7   62    62             100           3242.2    2735.8    3842.4
                              Total                    Pre       351   62             17.7          4.8       4.4       5.2
                                                       Month 7   351   350            99.7          3297.4    2980.2    3648.5
                26--45        Seronegative             Pre       365   0              0.0           3.5       3.5       3.5
                                                       Month 7   365   363            99.5          3656.3    3301.9    4048.7
                              Seropositive             Pre       231   231            100           16.5      15.1      18.1
                                                       Month 7   231   231            100           3421.3    3089.8    3788.2
                              Total                    Pre       596   231            38.8          6.4       6.0       6.9
                                                       Month 7   596   594            99.7          3563.3    3310.0    3836.0

Data are shown for the according-to-protocol cohort for immunogenicity for subjects in the HPV vaccine group. GMT, geometric mean antibody titer; LL, lower limit of 95% confidence interval; N, number of subjects with results available; n/%, number/percentage of subjects in the specified category; UL, upper limit of 95% confidence interval. Data for females aged 9--17 y are from Study HPV-058. Data for females aged 18--25 y are from Study HPV-039. Data for females aged 26--45 y are from Study HPV-069. HPV-16 seropositivity defined as an ELISA concentration ≥ 8 EU/mL. HPV-18 seropositivity defined as an ELISA concentration ≥ 7 EU/mL.

![**Figure 4.** Geometric mean antibody titers and associated 95% confidence intervals one month after the third vaccine dose, by age. Data are shown for the ATP cohort for immunogenicity. EU/mL, ELISA units per milliliter; GMT, geometric mean antibody titer; Initially seronegative, subjects who were seronegative at baseline; Total, all subjects regardless of baseline serostatus; y, years. Chinese data are from the following studies: females aged 9--11, 12--14, and 15--17 y from Study HPV-058; females aged 18--25 y from Study HPV-039; females aged 26--35 and 36--45 y from Study HPV-069. Global data are from the following studies: females aged 10--14 y from Study HPV-012 conducted in Europe (NCT00337818);[@R13] females aged 15--25 y from Study HPV-008 conducted in Australia, Brazil, Canada, Finland, Mexico, Thailand, and the USA (NCT00122681);[@R11] females aged 26--45 y from Study HPV-014 conducted in Europe (NCT00196937).[@R12] Note that published global data are not available for smaller age strata.](hvi-10-1795-g4){#F4}

Reactogenicity and safety
-------------------------

The HPV-16/18 AS04-adjuvanted vaccine had an acceptable safety profile when administered to healthy Chinese females aged 9--17 y and 26--45 y. In both studies, the incidence of solicited local symptoms following any dose was generally higher in the vaccine group than the control group ([Fig. 5](#F5){ref-type="fig"}). The incidence of grade 3 local symptoms following any dose was 5.2% for vaccine and 2.0% for control for 9--17 y-olds, and 3.0% for vaccine and 0.3% for control for 26--45 y-olds. Few local symptoms continued beyond the 7-d observation period. In both vaccine and control groups, a larger proportion of doses were followed by pain for younger females aged 9--17 y (76.8% for vaccine; 55.1% for control) than for older females aged 26--45 y (56.3% for vaccine; 27.5% for control) ([Fig. 5](#F5){ref-type="fig"}; [Table S3](#SUP1){ref-type="supplementary-material"}).

![**Figure 5.** Solicited local symptoms reported during the 7-d period following any vaccine dose. Data are shown for the total vaccinated cohort. Bars represent the percentage of doses followed by the specified symptom at least once in the 7-d period after any vaccine dose with exact 95% confidence interval. Ctrl, control; HPV, HPV vaccine. The control was Al(OH)~3~ for females aged 9--17 y and hepatitis B vaccine for females aged 26--45 y. Grade 3 redness or swelling defined as surface area ≥50 mm in diameter. Grade 3 pain defined as preventing normal activity. Data for females aged 9--17 y are from Study HPV-058. Data for females aged 26--45 y are from HPV-069.](hvi-10-1795-g5){#F5}

Solicited general symptoms reported during the 7-d period following any vaccine dose are shown in [Figure 6](#F6){ref-type="fig"}. The incidence of grade 3 general symptoms was low and few general symptoms continued beyond the 7-d observation period. In both vaccine and control groups, a larger proportion of doses were followed by arthralgia, fatigue, gastrointestinal symptoms, headache, myalgia, and fever for younger females aged 9--17 y than for older females aged 26--45 y ([Fig. 6](#F6){ref-type="fig"}; [Table S3](#SUP1){ref-type="supplementary-material"}).

![**Figure 6.** Solicited general symptoms reported during the 7-d period following any vaccine dose. Data are shown for the total vaccinated cohort. Bars represent the percentage of doses followed by the specified symptom at least once in the 7-d period after any vaccine dose with exact 95% confidence interval. Ctrl, control; HPV, HPV vaccine; GI, gastrointestinal. The control was Al(OH)~3~ for females aged 9--17 y and hepatitis B vaccine for females aged 26--45 y. Fever defined as oral/axillary temperature \>37.0 °C; grade 3 fever defined as oral/axillary temperature \>39.0 °C. For all other symptoms, grade 3 defined as symptom that prevents normal activity. Data for females aged 9--17 y are from Study HPV-058. Data for females aged 26--45 y are from Study HPV-069.](hvi-10-1795-g6){#F6}

The incidence of unsolicited symptoms during the 30-d period after vaccination was higher for younger females aged 9--17 y in Study HPV-058 (37.2% for vaccine; 33.2% for control) than for older females aged 26--45 y in Study HPV-069 (5.3% for vaccine; 5.9% for control) ([Table 4](#T4){ref-type="table"}). Few grade 3 unsolicited symptoms were reported.

###### **Table 4.** Summary of safety and pregnancy outcomes

                         Study HPV-058 Females aged 9--17 y   Study HPV-069 Females aged 26--45 y                                                                      
  ---------------------- ------------------------------------ ------------------------------------- ------------ ---------------- ---------- -------------- ---------- --------------
  Unsolicited symptoms   139 (37.2)                           \[32.3, 42.3\]                        125 (33.2)   \[28.5, 38.3\]   32 (5.3)   \[3.6, 7.4\]   36 (5.9)   \[4.2, 8.1\]
    Grade 3 symptoms     0 (0.0)                              \[0.0, 1.0\]                          3 (0.8)      \[0.2, 2.3\]     2 (0.3)    \[0.0, 1.2\]   2 (0.3)    \[0.0, 1.2\]

  Entire study period to Month 12                                                                                                                  
  --------------------------------------------------------- ---------- -------------- ---------- -------------- --------- -------------- --------- --------------
  Serious adverse events                                    5 (1.3)    \[0.4, 3.1\]   2 (0.5)    \[0.1, 1.9\]   3 (0.5)   \[0.1, 1.4\]   3 (0.5)   \[0.1, 1.4\]
    Related serious adverse events                          0 (0.0)                   0 (0.0)                   0 (0.0)                  0 (0.0)    
  Medically significant conditions\*                        14 (3.7)   \[2.1, 6.2\]   11 (2.9)   \[1.5, 5.2\]   5 (0.8)   \[0.3, 1.9\]   7 (1.2)   \[0.5, 2.4\]
  Potential immune-mediated diseases^†^                     NA         \-             NA         \-             0 (0.0)   \-             0 (0.0)   \-
  New onset autoimmune diseases^‡^                          0 (0.0)    \[0.0, 1.0\]   2 (0.5)    \[0.1, 1.9\]   NA        \-             NA        \-
  Pregnancy                                                 0 (0.0)    \-             0 (0.0)    \-             4 (0.7)   \-             1 (0.2)   \-
    Elective termination - no apparent congenital anomaly   \-         \-             \-         \-             4 (0.7)   \-             1 (0.2)   \-

Data are shown for the total vaccinated cohort. N, number of subjects evaluated; n (%), number (percentage) of subjects reporting the symptom type at least once during the specified period; NA, not applicable (new onset autoimmune disease defined as endpoint in study in females aged 9--17 y and potential immune-mediated disease defined as endpoint in study in females aged 26--45 y). 95% CI, exact 95% confidence interval (note that 95% CI were not calculated for some endpoints). The control was Al(OH)~3~ for females aged 9--17 y and hepatitis B vaccine for females aged 26--45 y. \*Medically significant conditions defined as adverse events prompting emergency room or physician visits that were not related to common diseases or serious adverse events that were not related to common diseases.^†^A potential immune-mediated disease was defined as a medically significant condition that included autoimmune diseases and other inflammatory and/or neurological disorders of interest which may or may not have had an autoimmune etiology.^‡^A new onset autoimmune disease was defined as an autoimmune disease that was considered to be of new onset based on blinded review of the reported symptoms and the subject's pre-vaccination medical history by a physician from the GlaxoSmithKline group of companies.

A small proportion of subjects in each study reported serious adverse events, other medically significant conditions, potential immune-mediated diseases (or new onset autoimmune diseases) during the entire study period to Month 12, and numbers were balanced across vaccine and control groups within each study ([Table 4](#T4){ref-type="table"}). None of the serious adverse events was considered to have a causal relationship to vaccination by the investigator, and no event had a fatal outcome.

No pregnancies were reported for subjects aged 9--17 y. Five pregnancies were reported for subjects aged 26--45 y (vaccine: 4; control: 1) and all 5 women decided to have an elective termination; no apparent congenital abnormalities were noted ([Table 4](#T4){ref-type="table"}).

Discussion
==========

As of December 2013, the HPV-16/18 AS04-adjuvanted vaccine has been licensed in over 130 countries and approximately 41 million doses have been distributed globally. The vaccine is not currently licensed in mainland China, but is licensed in Hong Kong and Taiwan. As part of the regulatory evaluation of this vaccine to support licensure in China, we report data from 2 clinical trials conducted in teenage/adolescent girls and adult women. These studies show that immunogenicity and safety profiles following administration of the HPV-16/18 AS04-adjuvanted vaccine to healthy Chinese girls and women are consistent with those reported previously in females from diverse geographic settings.[@R10]^-^[@R14] Importantly, we also show that HPV-16 and HPV-18 specific immune responses one month after the third vaccine dose in Chinese females aged 9--17 y and 26--45 y are non-inferior to those elicited in Chinese females aged 18--25 y enrolled in a separate trial, which has demonstrated vaccine efficacy.[@R8] This is the first evaluation, to our knowledge, of the immunogenicity and safety of an HPV vaccine in Chinese females across a wide range of ages from 9--45 y. This information will be useful to policy makers in China and other Asian countries to support decisions regarding HPV vaccination for the prevention of cervical cancer.

There is no identified immunological correlate of protection for HPV infection and subsequent disease, however, protection is thought to be mediated by neutralising antibodies that either transude across the cervical epithelium or are exuded at the site of trauma.[@R15]^,^[@R16] Serum antibody titers measured by ELISA correlate well with neutralising antibody titers[@R17] and antibody levels in cervicovaginal secretions.[@R18]^,^[@R19] Thus, using the principle of immunobridging, similar efficacy may be inferred for younger (9--17 y) and older (26--45 y) cohorts of Chinese females due to non-inferiority of immune responses compared with Chinese females aged 18--25 y. Anti-HPV-16 and anti-HPV-18 antibody responses elicited in Chinese females were also similar to those previously reported with the HPV-16/18 AS04-adjuvanted vaccine in corresponding age groups of females participating in global efficacy studies[@R10]^,^[@R11]^,^[@R20]^-^[@R29] and in studies conducted in low-resource settings such as India and Africa.[@R30]^,^[@R31]

We found that anti-HPV-16 and anti-HPV-18 GMTs one month after the last vaccine dose were 2- to 3-fold higher for Chinese females aged 9--17 y compared with those aged 18--25 y, and that antibody titers were particularly high in the youngest cohorts of girls aged 9--11 and 12--14 y. This finding is in line with previous trials, which show that antibody titers elicited following vaccination with the HPV-16/18 AS04-adjuvanted vaccine are higher for preteen/adolescent girls compared with young women.[@R13]^,^[@R32]^-^[@R34] It has previously been shown, in women aged 15--25 y, that HPV-16 and -18 antibodies persist for at least 8 y after vaccination,[@R25] and statistical modeling of serological data from these women predicts that antibody levels will remain well above levels induced by natural infection for at least 20 y.[@R35] Therefore, using the principle of immunobridging, the high antibody titers we observed in preteen/adolescent Chinese girls are likely to result in a long duration of antibody persistence, which is important as vaccinees will require protection throughout their sexually active life against HPV infection and associated disease.

The HPV-16/18 AS04-adjuvanted vaccine has been shown to produce a robust immune response in adult women,[@R12]^,^[@R29]^,^[@R36] although a decrease in GMTs with increasing age was observed.[@R12]^,^[@R36] In the current trials conducted in China, anti-HPV-16 and anti-HPV-18 GMTs in women aged 26--35 y and 36--45 y were of a similar magnitude to those elicited in women aged 18--25 y, i.e., there was not a further reduction in serum antibody titers beyond 25 y of age in the Chinese population evaluated. In all age groups, anti-HPV-16 and anti-HPV-18 antibody titers one month after the last vaccine dose were many fold higher than those elicited after natural infection,[@R11] and were also higher than the plateau levels observed in a long-term follow-up efficacy study of women aged 15--25 y, in which sustained efficacy has been demonstrated.[@R23]

Humoral immunity to natural HPV infection has not been fully characterized and HPV serostatus determined using assays based on HPV L1 virus-like particles is an imperfect marker of past or current HPV infection.[@R37]^,^[@R38] Nevertheless, baseline HPV seroprevalence provides some indication of cumulative exposure to HPV infection, and may still be used to inform vaccine program implementation. We observed that a small proportion of girls aged 9--11 y were already HPV-16 and/or HPV-18 seropositive (i.e., had detectable antibody levels) at study entry. Baseline HPV-16 and HPV-18 seropositivity then increased with increasing age as previously reported in global seroprevalence studies[@R39] and in surveillances conducted nationally and in several Chinese regions.[@R40] Ideally, Chinese preteens/adolescents would be vaccinated before the onset of sexual activity and exposure to HPV infection. However, as high vaccine efficacy has previously been shown against virological and histopathological endpoints associated with vaccine HPV types in women who were DNA negative regardless of their baseline serological status,[@R41] a significant proportion of adult Chinese women may still benefit from HPV vaccination.

Safety and reactogenicity profiles of the HPV-16/18 AS04-adjuvanted vaccine observed in Chinese girls and women enrolled in the current studies are generally in line with global safety data.[@R14] As observed previously in non-Chinese trials, the incidence of solicited local symptoms was generally higher in the vaccine group than the control group,[@R14] but this higher reactogenicity did not impact on the willingness of subjects to receive all 3 vaccine doses (compliance was high in each group). There was a decrease in the frequency of reporting of solicited and unsolicited symptoms in the older cohort of Chinese females, compared with the younger cohort, as reported previously with this vaccine.[@R12] There are various factors which could explain the differential reporting rate, such as age-related differences in sensitivity, or tendency to report adverse events.

A strength of our analysis is that similar designs and testing methodologies were used for each of the Chinese trials, giving confidence in comparisons of immunogenicity data across studies. A clinical endpoint efficacy trial is the gold standard for demonstrating vaccine efficacy in a particular population, but immunobridging is widely recognized to infer comparability of vaccine efficacy from one population to another when it is not practical to conduct such an efficacy trial. Although these trials were conducted at a small number of centers within Jiangsu Province, based on previous global experience with the HPV-16/18 AS04-adjuvanted vaccine (including other Asian settings and Taiwanese and Filipino women enrolled in the Papilloma TRIal against Cancer In young Adults \[PATRICIA\] efficacy trial, NCT00122681), we would not expect regional variations in the immune responses elicited by the vaccine.[@R11]^,^[@R26]^,^[@R27]^,^[@R30]^,^[@R31]^,^[@R42]^,^[@R43] However, baseline HPV seroprevalence rates may vary by geographic region.[@R39]^,^[@R44] One limitation of these trials is that the immunogenicity evaluation was confined to acute measurement of anti-HPV-16 and anti-HPV-18 serum antibodies. Cell-mediated immunity, cross-reacting immune responses to other high risk HPV types, and longevity of immune responses were not evaluated.

In summary, cervical cancer is a major health problem in Chinese women especially among those living in rural areas. The implementation of effective cervical cancer screening across all regions of China is challenging,[@R45] therefore, HPV prophylactic vaccination before the onset of sexual activity offers the potential to decrease the burden of this disease. The HPV-16/18 AS04-adjuvanted vaccine was shown to have good immunogenicity and to have an acceptable safety profile in Chinese girls and women aged 9 to 45 y.

Participants AND Methods
========================

Study design and participants
-----------------------------

A schematic of the trial designs is shown in [Figure 1](#F1){ref-type="fig"}. Study HPV-058 was a phase III, double-blind, randomized, controlled trial with 2 parallel groups conducted at one site (Center for Disease Control and Prevention \[CDC\], Taizhou City, Jiangsu) in China between October 2009 and December 2010. Healthy Chinese females aged 9--17 y at the time of first vaccination were eligible for inclusion. Study HPV-069 was a phase III, observer-blind, randomized, controlled trial with 2 parallel groups conducted at one site (CDC, Jintan City, Jiangsu) in China between February 2011 and February 2012. Healthy Chinese females aged 26--45 y at the time of first vaccination were eligible for inclusion.

For both studies, subjects had to have a negative urine pregnancy test at screening. Subjects of childbearing potential were to be abstinent or to have used adequate contraceptive precautions for 30 d prior to first vaccination and agreed to continue such precautions for 2 months after completion of the vaccination series. Women who were pregnant or breastfeeding, had a confirmed or suspected immunosuppressive or immunodeficient condition, an allergic disease likely to be exacerbated by any component of the vaccine, or previously received HPV vaccination or 3-*O*-desacyl-4'-monophosphoryl lipid A were excluded.

The HPV-058 and HPV-069 trials were registered with ClinicalTrials.gov (registration numbers NCT00996125 and NCT01277042, respectively) and were performed in accordance with the Declaration of Helsinki and the International Conference on Harmonisation Good Clinical Practice guidelines. Study protocols and other materials were reviewed and approved by the ethics committees of the CDC, Jiangsu Province. Written informed consent was obtained from each subject or the subject's parent/legally acceptable representative and informed assent was obtained from subjects below the legal age of consent.

Interventions
-------------

Subjects were randomized (1:1) to receive 3 doses of HPV-16/18 AS04-adjuvanted vaccine (*Cervarix*^®^, GlaxoSmithKline Vaccines) or control according to a 0, 1, 6-mo schedule. The control was aluminum hydroxide \[Al(OH)~3~\] in Study HPV-058 and hepatitis B vaccine (*Engerix-B*^™^, GlaxoSmithKline Vaccines) in Study HPV-069. The vaccine and relevant control were supplied as liquids in individual pre-filled syringes with 0.5 mL to be administered intramuscularly on each dosing occasion. Enrolment was age-stratified (Study HPV-058: 9--11, 12--14, 15--17 y; Study HPV-069: 26--35, 36--45 y) with approximately equal numbers of subjects enrolled in each age stratum within a study. The randomization schedules for each study were generated by GlaxoSmithKline Vaccines using validated software. Treatment allocation at site used a central randomization system on internet. Blinding was maintained for all subjects, investigators and study staff, and sponsor personnel involved in the conduct of the studies. The serological data were not available during the course of the study to any person involved in the conduct of the study.

Immunogenicity assessment
-------------------------

Blood samples for immunogenicity evaluation were taken at month 0 (pre-vaccination) and month 7. Anti-HPV-16 and -18 antibodies were determined by ELISA as described previously.[@R17] The same methodology was also used in the comparator trial, Study HPV-039. A central laboratory was used (National Institutes for Food and Drug Control, China) and assay kits were standardised. Seropositivity was defined as an antibody concentration greater than or equal to 8 ELISA units per milliliter (EU/mL) for HPV-16 and 7 EU/mL for HPV-18.

In addition to the comparison between the measured anti-HPV-16 and -18 GMTs (ELISA) and the GMTs in Chinese subjects aged 18--25 y from Study HPV-039 (NCT00779766), comparison is made with global data from the following studies: subjects aged 10--14 y from Study HPV-012 conducted in Europe (NCT00337818);[@R13] subjects aged 15--25 y from Study HPV-008 conducted in Australia, Brazil, Canada, Finland, Mexico, Thailand, and the USA (NCT00122681);[@R11] subjects aged 26--45 y from Study HPV-014 conducted in Europe (NCT00196937).[@R12]

Safety assessment
-----------------

Solicited local and general symptoms occurring within 7 d after each vaccination were recorded by the subject on diary cards. Unsolicited symptoms were recorded for 30 d after each vaccination. Fever was defined as oral/axillary temperature \>37.0 °C. Grade 3 symptoms were defined as redness or swelling \>50 mm in diameter, oral/axillary temperature \>39.0 °C, urticaria distributed on at least 4 body areas and, for other symptoms, as preventing normal activity. Pregnancies and outcomes, serious adverse events, medically significant conditions (defined as adverse events prompting emergency room or physician visits that were not related to common diseases or serious adverse events that were not related to common diseases), potential immune-mediated diseases (Study HPV-069) or new onset autoimmune diseases (Study HPV-058) were reported throughout the study. A potential immune-mediated disease was defined as a medically significant condition that included an autoimmune disease and other inflammatory and/or neurological disorder of interest which may or may not have had an autoimmune etiology. A new onset autoimmune disease was defined as a potential autoimmune disease that was considered to be of new onset based on blinded review of the reported symptoms and the subject's pre-vaccination medical history by a physician from the GlaxoSmithKline group of companies.

Statistical methods
-------------------

The primary objective of Study HPV-058 was to demonstrate non-inferiority of HPV-16 and -18 immune responses with respect to GMTs one month after the third vaccine dose in subjects aged 9--17 y, compared with subjects aged 18--25 y enrolled in Study HPV-039, in the subset of subjects initially seronegative for the corresponding HPV type. Non-inferiority was demonstrated if, for each HPV antigen, the upper limit of the 95% CI for the GMT for subjects in Study HPV-039 (18--25 y) divided by the GMT for subjects in Study HPV-058 (9--17 y) was below 2. For sample size estimation it was assumed that 20% of subjects would be non-evaluable at month 7, to compensate for attrition due to early withdrawal, initially seropositive subjects, and to ensure a sufficient number for inclusion in the ATP cohort for analysis of immunogenicity. A target enrolment of 375 subjects in each group in Study HPV-058 was estimated to give approximately 300 evaluable subjects in the vaccine group at month 7. Approximately 400 subjects were to be enrolled in the immunogenicity subset of Study HPV-039 in the vaccine group and to determine the sample size for Study HPV-058 it was assumed that 320 of these subjects would be evaluable at month 7. This sample size would allow the detection of a 2-fold difference between the age groups in terms of GMTs for both anti-HPV-16 and anti-HPV-18 with at least 90% power.

The primary objective of Study HPV-069 was to demonstrate non-inferiority of HPV-16 and -18 immune responses in terms of seroconversion rates one month after the third vaccine dose in subjects aged 26--45 y, compared with subjects aged 18--25 y enrolled in Study HPV-039, in the subset of subjects initially seronegative for the corresponding HPV type. Non-inferiority was demonstrated if, for each HPV antigen, the upper limit of the 95% CI for the difference between the percentage of subjects who seroconverted in Study HPV-039 (18--25 y) and the percentage of subjects who seroconverted in Study HPV-069 (26--45 y) was below 5%. For sample size estimation for Study HPV-069, a higher non-evaluability rate of 40% at month 7 was assumed as it was anticipated that baseline HPV seropositivity would be higher in these older women. A target enrolment of 600 subjects in each group in Study HPV-069 was estimated to give approximately 360 evaluable subjects in the vaccine group at month 7. Approximately 400 subjects were to be enrolled in the immunogenicity subset of Study HPV-039 in the vaccine group and to determine the sample size for Study HPV-069 it was estimated that 250 of these subjects would be evaluable at month 7. This sample size would allow the detection of a 5% difference between the age groups in terms of seroconversion rates for both anti-HPV-16 and anti-HPV-18 with at least 90% power.

Immunogenicity analyses were performed on the ATP cohort for immunogenicity, which included all evaluable subjects (meeting all eligibility criteria, complying with the procedures and intervals defined in the protocol, with no elimination criteria during the study) for whom immunogenicity data were available. For each study, seroconversion and seropositivity rates with exact 95% CI, and GMTs with 95% CIs, were calculated by pre-vaccination antibody status.

Safety data are summarized for the total vaccinated cohort, which included all subjects who received at least one vaccine dose for whom data were available. Safety data are summarized using descriptive statistics (number and percentage of subjects with events and corresponding exact 95% CI) and no inferential analyses were performed.
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